Breast milk is the best source of nutrition that provides the energy and nutrients needed for the ideal growth and development of newborns and infants. Besides, breast milk includes various bioactive compounds, which protects infants against infectious agents and antigens and contributes to immune maturation, organ development and microbial colonization. Breast milk is dynamic; the composition of the nutrients and the content of immunological active compounds may change in each stage of lactation. During the early stages of lactation, biological and immunological active compounds provide additional support to the development of the neonatal immune system. After these stages, the composition of breast milk continues to provide appropriate energy and nutrients according to the infant needs, in order to protect neonatal immune system and maintain the development and growth of infants. Immunological maturation during the fetal life and the first months of life is provided by immunoglobulins in breast milk, which are among the most important immune protective factors and transferred to infants through breastfeeding. Due to their biological characteristics, Secretory Immunoglobulin A (SIgA) antibodies are the most important antibodies in breast milk, which provide the first defense against the antigens in the intestines of infants. In addition to antibodies, enzymes, including active leukocytes, cytokines, oligosaccharides, lactoferrin, lysozyme and lactoperoxidase, as well as biological and immunological factors, such as hormones, growth factors, bioactive peptides, nucleotides and fatty acids are transferred to infants through breastfeeding. There is now a growing body of evidence suggesting that breastfeeding protects infants against many infections such as gastrointestinal system and respiratory tract infections, strengthens immune system and provides protective effects against allergic and autoimmune diseases in later life.
Introduction
Breast milk is a unique source of nutrition that meets the nutritional and physiological needs of the newborn. Breast milk is considered as the "gold standard" for infant nutrition [1] . World Health Organization (WHO) and UNICEF recommendations on breastfeeding are as follows: initiation of breastfeeding within the first hour after the birth; exclusive breastfeeding for the first six months; and continued breastfeeding for two years or more together with safe and appropriate complementary foods [2] [3] .
Breast milk contains all the nutrients required for the growth and development of infants. Besides, breast milk contains various specific and unspecific compounds that protect infants against infectious agents and antigens and support the development of neonatal immune system, which is influenced by maternal immunity transferred to newborns through placenta and breast milk [4] - [9] . Immune compounds in breast milk include anti-infectious and anti-inflammatory agents, active leukocytes (neutrophils, T-cells and macrophages), and immunomodulators [10] . In addition, antimicrobial factors in breast milk provide resistance against digestive enzymes, protect mucosal surfaces and eliminate bacteria without causing inflammatory reactions [5] .
A significant number of studies provide evidences for the benefits of breast milk for infants. Protective effects of breastfeeding on gastrointestinal system and respiratory tract infections have already been indicated. However, it is stated that breast milk does not only provide passive protection, but can also directly change the immunological development of the infants. Various studies found that breastfeeding promotes cognitive development, decreases inflammation and reduces the risk of developing allergic and chronic diseases such as obesity, Type 1 and Type 2 diabetes and cardiovascular diseases later in life [10] - [17] .
Some of the epidemiological studies found that formula feeding increases the risk for diseases compared to breastfeeding [15] [18] . Consequently, it is considered that breast milk has the most protective and effective immunomodulatory activities among the other nutrients and infant formula. However, how some of the specific factors involved in breast milk contribute to both innate and adaptive immune functions of neonates and infants is still being investigated [4] [14] [19].
Neonatal Immune System, Biological and Immunological

Factors of Breast Milk
Breast milk is a source that is known to be the richest in terms of immunomodulation [14] . It has three stages, namely colostrum (the first milk secreted in the first five days postpartum), transitional milk (secreted between 6 -15 days postpartum) and mature milk (secreted after 16 th day postpartum). Nutrients and the composition of breast milk changes in each stage of lactation. For example, colostrum is secreted in low quantities but is highly important for infants since it is rich in immunologic and developmental factors. Transitional milk is secreted Postpartum period is extremely important for the maturation of neonatal immune system. Thymus is the main organ of the central immune system and the process is characterized by the balance between Th1/Th2 responses [22] .
Immunological maturation during the fetal life and the first months of life is maintained by the transfer of some of the maternal protective proteins to the infant via breastfeeding. Among these, antibodies are the most protective proteins.
For example, transplacental transfer of antibodies to the fetus, anti-infective resistance factors in the amniotic fluid and transfer of immunological factors via colostrum and breast milk strengthen the immune system of infants [6] [7] [21] .
Immunoglobulin G (IgG), which is the dominant antibody at birth, is detected in the serum and non-mucosal tissues, and protects newborns against pathogens and toxins. In addition, low amounts of IgM, IgE, IgD and IgA are also found in the serum. Although the maternal antibodies decrease gradually after birth, neonates and infants may benefit from such protective factors, thanks to breast milk [7] [23] [24] . 
SIgA
Immunoglobulins in breast milk are the best immune protectors discovered so far. Although all immunoglobulin isotypes are found in colostrum and breast Open Journal of Obstetrics and Gynecology milk, SIgA is considered as the most important immunoglobulin due to its biological characteristics. IgM and IgG are the other most found immunoglobulins in breast milk after IgA. Colostrum contains 12 mg/ml SIgA, whereas the amount of SIgA in mature milk is 1 mg/ml [28] [29] . Besides, the amount of immunoglobulins in bovine milk and infant formula is less than the breast milk [30] . Daily intakes of SIgA by exclusively breastfed infants are about 0.5 -1.0 g/kg [28] . Breast milk IgA is synthesized by B cells that migrate from the small intestines of the mother to mammary glands by CCL28 chemokine. IgA is synthesized in a dimeric form and is attached to secretory component [8] [31] . SIgA antibodies in breast milk play an important role on mucous membrane defense. These antibodies provide the first protection for infant against the foreign antigens in the intestines. SIgA molecules provide protection against mucosal pathogens by preventing pathogenic microorganisms, toxins, bacteria (Escherichia coli, Vibrio cholerae, Campylobacter, Shigella, Giardia lamblia, Haemophilus influenzae, Clostridium difficile, and Streptococcus pneumoniae), viruses (Rotavirus, CMV, Cytomegalovirus, HIV, Influenza virus, respiratory syncytial virus), fungus (Candida albicans) and antigens such as lipopolysaccharide (LPS) from attaching to epithelial cells without triggering inflammatory reactions(immune exclusion). Also, since SIgA is relatively resistant against proteolysis, it maintains protection against the pathogens in the gastrointestinal tracts. In this sense, SIgA maintains immune defense for infants by preventing bacterial colonies and the translocation across the mucosal barrier [5] 
Breast Milk Cells
Breast milk contains various living cells. Epithelial cell adhesion molecules (EpCAM+) are the most common type of cells in the breast milk. Moreover, breast milk contains leukocytes. Mature milk contains more leukocytes than colostrum. Colostrum contains nearly 5 × 10 6 cells per ml. As breast milk matures, this amount decreases tenfold in the milk [23] . On the other hand, the percentage of neutrophils in leukocytes is approximately 80%, whereas the percentages for macrophages and immune cells such as lymphocytes are 15% and 4%, respectively [31] . There are various types of lymphocytes in breast milk. Nearly 83% of lymphocytes in the breast milkis T (CD3+) cells, 11% is gdT cells, 3% -4% is CD16+ NK cells and 2% is B cells [8] [31]. In addition, breast milk contains stem cells. Although their roles in neonatal immune system are not completely understood, epithelial and stem cells protect infants against potential pathogens and play a key role in neonatal protection [25] .
Cytokines and Chemokines
Protection against microorganisms, including bacteria and viruses, is provided by either innate or acquired immunity. This protection is provided by protein hormones, called cytokines [10] . Cytokines are glycoproteins that have various functions and that are crucial for the activation of immune system and intercel-Open Journal of Obstetrics and Gynecology lular communication [32] . Besides, cytokines in breast milk have immunomodulatory effects on the development and maturation of phagocytic cells and lymphocytes, which play a role in the development of immune response against allergic reactions in infants [10] . By targeting cells in breast milk, cytokines contribute to the development, differentiation and production of immunoglobulins with the help of B cells, and promotes thymus proliferation [10] . Cytokines in breast milk include tumor necrosis factor-α (TNF-α), transforming growth fac-
IL-7, IL-8, IL-10, IL-12, IL-13, IL-16 and IL-18 [31] . Cytokines may stimulate
IgA production by peripheral blood lymphocytes [33] . Among these cytokines, TGF-β, IL-6, IL-7 and IL-10 are crucial for the development and differentiation of cells that produce IgA, whereas IL-6 is important for the development of mucosal immunity in infants [34] . IL-10 is an anti-inflammatory and immune regulatory cytokine that is found both in water and fat layers in high concentra- 
Oligosaccharides, Prebiotics and Probiotics
Breast milk contains various complex biological agents that support the intestinal microbiota of infant, including saccharides (mostly oligosaccharides), amino acids, vitamins, minerals and other nutrients [36] . Oligosaccharides are important nutrients in breast milk and are antimicrobial factors, called glycans. Glycans are synthesized from lactose in mammary gland. By showing resistance gastrointestinal digestion, glycans enter the infant intestines as the first prebiotics.
Consequently, oligosaccharides help to protect infant microbiome by attaching to pathogens [4] [36] [37] .
Oligosaccharides are the third largest compounds in breast milk after lactose and fat and constitute an important share of carbohydrates. The amount of oligosaccharides in mature milk is approximately 12.9 g/L whereas colostrum contains 20.9 g/L of oligosaccharides [28] . N-acetyl glucosamine that contains oligosaccharides has been defined as "bifidus factor" many years ago. N-acetyl glucosamine is a monosaccharide that uses as a substrate for intestinal bifidobacteria, which is responsible for bifidogenic activity of oligosaccharides in breast milk. Bifidobacteria species in breast milk are the main users of oligosaccharides in gastrointestinal system and play a vital role for microbiota of breastfed B. Harmancıoğlu, S. Kabaran Open Journal of Obstetrics and Gynecology infants and in maintaining the general health of infants [36] . Breast milk oligosaccharides have inhibitory effects on the adhesion of pathogenic microorganisms to the intestinal mucosa, the growth of pathogens through the production of bacteriocins and organic acids and the expression of genes that play a role in inflammation. Besides, bifidobacteria species contribute to intestinal health by indirectly increasing the production of short-chain fatty acids (SCFAs) [37] [38]
[39].
Breast milk oligosaccharides and microbiota are the two fundamental milk components that affect the infant's intestinal microbiota, and consequently, the development of the immune system. Colostrum and mature milk are continuous sources of commensal and potentially probiotic bacteria for the infant's intestine and intramammary breast milk has traditionally been considered as sterile [5] .
So that, colostrum and mature milk have prebiotic and probiotic characteristics that modulate intestinal microbiota, including acquiring new bacterial species and providing a permissive environment to facilitate sustainable colonization According to the previous studies, it is stated that the breastfed infants consumed more stable and uniform oligosaccharides than the formula-fed infants [42] . Additionally, it has been reported that there is an association between breastfeeding (directly with breast or bottle-feeding) and microbiota composition of breast milk. Feeding the infant with expressed breast milk decreases the amount of bifidobacteria and leads to exposure to pathogens [40] . Another study found that the administration of a follow-on formula with Lactobacillus fermentum CECT5716 to the infants between the ages of 6 and 12 months may be helpful to prevent gastrointestinal and upper respiratory infections [43] .
Lactoferrin
Lactoferrin is one of the main whey proteins of breast milk that helps the absorption of iron and has the killer effects of microbes in the intestinal mucosa of infants. The amounts of lactoferrin in 100 ml of colostrum and mature milk are 
Lysozyme and Lactoperoxidase
Lysozyme is an important part of the whey protein fraction and it has the highest concentrations in colostrum. The amount of lysozyme in breast milk is approximately 10 micrograms (µg)/dL, which is 3000 times higher than the amount in bovine milk. Together with SIgA, lactoferrin and other antimicrobial compounds, lysozyme plays a vital role for the immune defense of infants [8] [14] [31] [44] . Lactoferrin removes the LPS from the outer membrane of the cells and allows lysozyme to enter the cell and degrade the internal proteoglycan matrix of the membrane. Besides, lysozyme has also antiviral activities [5] .
In addition to lysozyme, breast milk also contains lactoperoxidase enzyme, which has antibacterial properties. In the presence of hydrogen peroxide, lactoperoxidase forms hypothiocyanite, which may kill both Gram-positive and
Gram-negative bacteria, and catalyzes the oxidation of thiocyanate. Consequently, lactoperoxidase provides defense against the bacteria in the mouth and upper gastrointestinal system [5] [8]. [45] . IGF and leptin in breast milk are the hormones that may module the immune system of intestinal mucosa by regulating cytokine expression and other signal pathways [41] . In addition, peptide hormones, such as ghrelin and adiponectin involve in the regulation of appetite, energy balance, cell differentiation, and contribute to the development in the neonatal period [46] .
Hormones, Growth Factors and Bioactive Peptides
IGF I and II are bound to IGF-binding proteins, which helps to protect them against digestion and modulate the interaction with the intestinal receptors.
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IGFs may show bioactivity after being bounded to enterocytes [44] .
Nucleotides
Nucleotides 
Fatty Acids
Polyunsaturated fatty acids (PFAs) in breast milk, including omega-3 fatty acid, Docosahexaenoic acid (DHA) and Eicosapentaenoic acid (EPA) have anti-inflammatory effects on chronic inflammatory diseases, such as asthma [27] .
Nevertheless, a high arachidonic acid to EPA ratio in breast milk may be related with a higher risk of allergic disease and atopy [26] . Recently, acetate, butyrate and propionate, which are among the SCFAs have been reported as the agents of allergic inflammation. SCFAs are the first metabolites produced by the intestinal microbiota of the newborns and their synthesis increase after the birth [27] .
Possible Impacts of Breast Milk on Immune-Mediated Diseases
Allergic Diseases
Although several studies in the literature show that breast milk maintains defense against infections and allergic diseases, the results of the studies investigating the effects of breastfeeding on atopic diseases are conflicting. In some studies, it is claimed that breastfeeding has a protective effect against the atopic diseases due to the duration of breastfeeding, whereas some of them did not make a certain decision on this issue. However, in a small number of studies, it is suggested that prolonged breastfeeding may increase the risk of the development of atopic diseases [48] [49] [50] . Systematic reviews and meta-analysis reveal that breastfeeding protects against atopic dermatitis, asthma, allergic rhinitis and allergy against bovine milk during the early childhood period, so that they suggest breastfeeding in order to prevent the development of allergic diseases [51] [52] [53].
Asthma
Alteration of the microbiota during the neonatal period due to antibiotic usage, cesarean delivery or formula feeding may contribute to the development of asthma in infants and children [54] . However, there is no study showing a direct relationship between breast milk microbiota and the development of asthma and allergy. Oligosaccharides in breast milk affect lung mucosal immunity in order to maintain protection against asthma by interacting with the respiratory tract and fructo-oligosaccharide (GOS) decreased the risk of asthma in infants at high risk of allergy [58] .
Food Allergy
In the literature, there are contradictions between studies evaluating the relationship between breastfeeding and food allergies [28] . One of the studies found that exclusive breastfeeding for the first 4 months of life decreased the risk of developing food allergy in children at high risk [59] , whereas another study found that long-term (≥9 months) exclusive breastfeeding increased the risk of food allergy in childhood [60] . On the other hand, a meta-analysis found no statistically significant relationship between breastfeeding and the development of food allergy [53] . The presence of atopy in mothers may influence the immunology of breast milk. One of the studies found that IgA concentrations in the breast milk of atopic mothers were lower compared to breast milk of non-atopic mothers, but this was not related to the development of food allergy in children [61] . However, in another study, it was reported that lower SIgA levels in breast milk increased the risk of cow's milk allergy in infants [62] . A study about food allergy found that the concentration of the TGFβ-1in colostrum of the mothers of infants with IgE-mediated cow's milk allergy was lower than the colostrum of mothers of infants with non-IgE mediated cow's milk allergy [63] . In addition, fatty acids, which are among the immunological components of the breast milk may play a role in food allergy. Thijs et al. [64] found an inverse association between omega-3 and rumenic fatty acid content of breast milk and the food sensitization in the first year of life. Besides, oligosaccharides in the breast milk may be protective against cow's milk allergy due to its positive effects on intestinal microbiome [48] .
Eczema
A comprehensive systematic review and meta-analysis found that children under 2 years of age who were exclusively breastfed for more than 4 months had lower risks of eczema development; however this impact did not continue after 2 years of age [53] . IL-1β, IL-6, IL-10 and TGFβ-1 in breast milk increases the production of IgA and may be protective against atopic dermatitis (eczema) and cow's milk allergy. However, there are some studies showing that high IgA concentrations in breast milk have both protective [65] and unprotective [66] effects against the development of eczema. Another study demonstrated that low TGFβ-1 concentrations in breast milk might be related with the development of eczema [67] . However, Munblit et al. [68] reported no relationship between IL-2, 
Autoimmune Diseases
In the literature, there are some studies dealing with the role of breast feeding on the development of the diseases in which breastfeeding plays a central role in the pathogenesis of inflammation. Many components found in breast milk affect the development and function of the immune system, and thus, provide protective effects against allergic and autoimmune diseases [22] .
Type 1 diabetes is a disease usually caused by genetic factors and immune system disorders. Although there is no direct evidence for the protective effects of breastfeeding against Type 1 diabetes, breastfeeding may indirectly prevent Type 1 diabetes through its effects, such as lower risk for diabetogenic infection, healthy intestinal microbiota and maturation of newborn's intestines [22] .
Cardwell et al. [69] reported that exclusive breastfeeding in infants who were genetically at risk of developing Type 1 diabetes for the first 2 weeks immediately after birth or for more than 3 months reduced the risk of developing Type 1 diabetes by 15% -30% in childhood. Nevertheless, the protective effects of breastfeeding against Type 1 diabetes are controversial [23] .
It is known that breastfeeding reduces the risk of developing obesity and metabolic syndrome in later life. Studies suggest that breastfeeding reduces the risk of developing Type 2 diabetes in childhood by 24%. For example, a study showed that children with normal weight had a history of breastfeeding for more than 6 months compared to their Type 2 diabetic obese peers [70] .
Juvenile idiopathic arthritis (JIA) is a chronic rheumatic disease that is highly common in childhood. Although its pathogenesis and etiology is not fully understood, genetic factors, immune mechanisms and environmental factors have been reported to play a role in the development of JIA. The protective effects of breastfeeding on the development of JIA are not certain. For example, a prospective cohort study found that breastfeeding (both exclusive and in total) for more than 4 months may have a protective effect against the development of JIA.
However, children who were breastfed for less than 4 months were reported to have a higher risk of JIA development [71] . Another study found that breastfeeding had no impact on the development of JIA [72] .
Celiac disease is a systemic immune-mediated disease and caused by the ingestion of gluten-containing grains in individuals genetically sensitive to gluten.
The relationship between breastfeeding and celiac disease may stem from the delay of gluten consumption due to breastfeeding [73] . However, it is not certain yet whether breast milk actually reduces the risk of developing celiac disease or delays the diagnosis of celiac disease [22] .
Inflammatory bowel diseases (ulcerative colitis and Crohn's) are the result of impaired immune response against pathogens and chronic inflammation of the gastrointestinal system. Although its pathogenesis is not known, family history is [75] .
In addition to these diseases, some of the epidemiological studies found that breastfeeding decreases the risk of immune-mediated diseases, such as necrotizing enterocolitis, obesity, atherosclerosis, respiratory tract infection, rheumatoid arthritis, and some of the childhood cancers, including lymphomas and leukemia [8] .
Conclusion
Breast milk is the ideal source for optimal growth and development of infants and provides numerous benefits to the infant. Besides, breast milk is also rich in many immunological factors that provide the first adaptive immunity in the gastrointestinal tract of infants. Breastfeeding not only provides the ideal nutrient composition for the newborn but also maintains an excellent immunological integration between the mother and infant. The composition of immune components of breast milk may vary due to maternal factors. Accordingly, although all mechanisms for the association between breastfeeding and the prevention of development of allergic diseases have not been fully understood, it has been demonstrated that breast milk has beneficial effects on some immune-mediated diseases. Recent technological developments continue to reveal possible mechanisms for better identification of breast milk composition and beneficial effects of breast milk on both short and long-term health. Therefore, prospective cohort studies are thought to shed better light on the important factors, which provide key roles in the development of immune-related diseases.
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